In the last five years a number of studies have been made of the smoking habits of patients with and without lung cancer (Doll and 
that there is an " association " between lung cancer and the amount of tobacco smoked, they have differed in -their interpretation. Some have considered that the only reasonable explanation is that smoking is a factor in -the production of the disease; others have not been prepared to deduce causation and have left the association unexplained.
Further retrospective studies of that same kind would seem to us unlikely to advance our knowledge materially -or to throw any new light upon the nature of the association. If, too, there were any undetected flaw in the evidence that such studies have produced, it would be exposed only by some entirely new approach. That approach we considered should be " prospective."* It should determine the frequency with which the disease appeared, in the future, among groups of persons whose smoking habits were already known.
Method of Investigation
To derive such groups of persons with different -smoking habits we wrote in October, 1951 , to the members of the medical profession in the United Kingdom and asked them to fill in a simple ques-*O.E.D. Characterized by looking forward into the future. ,(Leigh Hunt: "He was a retrospective rather than a prospective man.") tionary. In addition to giving their name, address, and age, the doctors were asked to classify themselves into one of three groups-namely, (a) whether they were, at that time, smoking; (b) whether they had smoked but had given up; or (c) whether they had never smoked regularly (that is, had never smoked as much as one cigarette a day, or its equivalent in pipe tobacco, for as long as one year). All present smokers and exsmokers were asked additional questions. The former were asked the ages at which they had started smoking and the amount of tobacco that they were smoking, and the method by which it was consumed, at the time of replying to the questionary. The ex-smokers were asked similar questions but relating to the time at which they had last given up smoking.
The questionary was intentionally kept short and simple in the hope of encouraging a high proportion of replies, without which the inquiry must have failed. In a covering letter the doctors were invited to give any information on their smoking habits or history which might be of interest, but, apart from that, no information was asked for about previous changes in habit (other than the amount smoked prior to last giving up, if smoking had been abandoned). It was, of course, realized that the habits of early adult life might well be more relevant to the development of a disease with a long induction period than the most recent habits.
On the other hand, we regarded the procedure adopted as justified, not only because of the extreme difficulty of obtaining sufficiently accurate records of past smoking habits, but also because of the experience of our previous retrospective investigation (Doll and Hill, 1952 ). This investigation, in which nearly 5,000 patients were interviewed, had shown that the classification of smokers according to the amount that they had most recently smoked gave almost as sharp a differentiation between the groups of patients with and without lung cancer as the use of smoking histories over many years-theoretically more relevant statistics, but clearly based on less accurate data.
From their replies to the questionary the doctors were classified into broad groups according to age, the amount 4877 of tobacco smoked, the method of smoking, and whether smoking had been continued or abandoned. These groups, based upon smoking habits at the end of 1951, form the "exposed to risk."
To complete the investigation it was necessary to obtain information about the causes of death of all those doctors who had replied to the questionary and who subsequently died. Through the courtesy of the Registrars-General in the United Kingdom a form showing particulars of the cause of death has been provided for every death of a doctor registered since the questionary was sent out. Each form relating to a doctor who had completed the questionary has been extracted and allocated to the smoking group in which that doctor had previously been placed. Hence it has been possible to calculate the death rates from different causes within each of the main smoking categories. smoking habits varies considerably with age. Since cancer incidence also varies greatly with age it will be necessary to use death rates at specific ages, or a rate standardized for age, when comparing the mortality among the men in the different smoking categories.
It may well be that the smoking habits of the 40,564 doctors who replied to us are not representative of the smoking habits of all doctors. One category may have tended to reply more readily than another. We shall not, however, need to use the replies in total but always separately within the four smoking divisions. All that we require are sufficient numbers within each of those divisions.
The Deaths
In the 29 months that have elapsed since the questionaries were sent out (November, 1951 , to March, 1954 , 789 deaths have been reported among the male doctors who were aged 35 years and above at the time that they completed the questionary. Of these deaths, 35 were certified as due to lung cancer; in one further case lung cancer was reported as contributing to death without being the direct cause. We wrote to the doctor certifying the cause of death in each of these 36 cases and asked him to tell us the nature of the evidence upon which his diagnosis was based. The information received is analysed in Table III Table IV . It will be seen that the death rate from lung cancer increased steadily from 0.00 per 1,000 in non-smokers to 1.14 per 1,000 among the men recorded as having smoked 25 or more grammes of tobacco daily. A similar but less steep rise is also seen in the death rate from coronary thrombosis (from 3.89 per 1,000 in non-smokers to 5.15 in the heaviest smokers). In the other disease groups the changes in mortality are irregular and, for the most part, small.
The statistical significance of these differences in the death rates can be more easily assessed from the actual numbers of deaths recorded; that is, by comparing them with the numbers which would have been expected to occur in each smoking category if smoking were quite unrelated to the chance of dying of lung cancer.. For example, 13 men aged tThus for each of the four smoking categories in Table I 55-64 when the questionary was completed subsequently died of lung cancer. The proportions of all the men in this age group who were non-smokers, smoked 1-14 g. a day, 15-24 g. a day, or 25 or more g. a day were 9.3%, 33.9%, 31.6%, and 25.3%. If the mortality from lung cancer is unrelated to smoking, then the 13 deaths should be distributed to the smoking groups in these ratios. Similar calculations have been made for the numbers of men dying of lung cancer in the other age groups-namely, 1 at ages 35-44, 8 at ages 45-54, 6 at ages 65-74, and 8 at ages 75-84. The total numbers of deaths expected in each smoking category were then obtained by adding the numbers for the separate age groups. The results were as follows:
These differences between the observed and expected deaths are statistically significant (X2= 8.5, n = 3, P = 0.04). We may note, too, that the ordinary X' test of significance fails to take into account the biologically important finding that there is a continuous increase in the proportion of observed to expected deaths as the amount of tobacco smoked increases-a finding which makes it possible to attach a simple interpretation to the results.t
In none of the other disease groups are the differences between the observed and expected number of deaths found to be significant. The continuous change in the ratio between the observed and expected deaths from coronary thrombosis is, however, suggestive.: For all causes of death taken together, there is an excess mortality among smokers of 25 or more g. a day and a corresponding deficiency of deaths, almost equally divided, among the non-smokers and the men in the less heavy smoking categories. The differences are statistically significant (x2 = 8.8, n = 3, P = 0.03). When, however, the lung cancer deaths are omitted, the differences are no longer significant (x2=6.5, n=3, P=0.09).
The distinction between the systematic variation in the mortality from lung cancer with the amount smoked and the irregular (or small) variation observed in the other disease groups studied is perhaps shown more clearly in the Chart.
Method and the number expected (as entered in each column). filled in the questionary and for ex-smokers at the time that they had previously given up smoking. It is clear, therefore, that the real numbers of " pure " cigarette smokers and of "pure" pipe smokers must be less, and, almost certainly, appreciably less, than those we have allocated to those groups. Evidence of this was, in fact, provided by some doctors who volunteered additional information that they had in previous years smoked their tobacco by different methods and in different amounts. Any real difference between the risks associated with cigarette and with pipe smoking must therefore be blurred in our figures, since each group will contain men who have also been exposed, in part, to whatever risks may be associated with the other type of smoking.
With that very material proviso in mind, we note that, of the 36 men with lung cancer, 25 had reported themselves as cigarette smokers, 4 as pipe smokers, and 7 as smokers of both cigarettes and pipes. If the method of smoking were entirely unassociated with the risks of lung cancer we would have expected (by the method of calculation described above) these 36 cases to be subdivided in the following proportions: 19.6 cigarette smokers, 7.6 pipe smokers, 8.8 cigarette and pipe smokers. While there is an observed excess of cigarette smokers and a deficit of pipe smokers amongst the deaths, the differences are not statistically significant (X2 = 3.5, n = 2, P>0.10), and with the present number of deaths it has not been possible to allow adequately for differences in the amount smoked.
In none of the other five disease groups studied was there a significant difference between the observed and expected deaths for the different types of smokers, and the actual differences were, in fact, smaller than those we have reported above for the deaths from lung cancer. The actual rates for the doctors are, it will be seen, very materially less than those we have estimated for the males of Greater London. On the other hand, there is a remarkable similarity in the increases in mortality from nonsmokers to " light " smokers, from " light " smokers to " medium " smokers, and, finally, from " medium " smokers to " heavy " smokers. In the " backward " group the percentages of the average rate are 6, 79, 112, and 203; in the "'forward" group they are 0, 68, 133, and 199. Remembering that at these ages we have only 27 deaths of doctors to analyse, the similarity is perhaps too good to be true; it may well be due partly to chance. We would, however, suggest that it is at least reasonable to conclude that there is no incompatibility between the results of the two inquiries in their measurements of the increase of mortality from lung cancer in relation to the increases in smoking.
The incompatibility lies, as observed above, in the actual level of the rates in the two inquiries. Why should the rates for the doctors be so much lower ? One important reason-and one which applies to all causes of death and not only to lung cancer-is, we believe, that doctors who were already ill of a disease likely to prove fatal within a short space of time would have been disinclined, or indeed unable, to answer our inquiries. In other words, we should learn of their deaths, but we would have no corresponding completed questionary on our files. That this may well be true is shown (a) by the relatively low death rate from all causes that we have recorded-namely, 14.0 per 1,000 per annum, against 24.6 per 1,000 for men of all social classes in the same age group in the U.K. in 1951, and (b) by the fact that over the 29 months of the investigation there has been a rise in the proportion of the deaths sent to us by the Registrars-General for which we have been able to find a completed questionary. If persons sick of a fatal illness were unwilling to reply, or, indeed, never saw our communication, that bias would tend to wear off with the passage of time-as it shows signs of doing.
The question is whether such a bias would differentially affect the mortality of the smoking group. Could it artificially produce the gradient that we have observe.d with cancer of the lung, and probably with coronary thrombosis, whilst not, producing any gradient with other causes of death ? For such an effect we should have to suppose that the heavier smokers who already knew that they had cancer of the lung tended to reply more often than nonsmokers, or lighter smokers, in a similar situation. That would not seem probable to us. As evidence to the contrary we would also add (a) that, although the numbers of deaths are admittedly very small, we have not seen any obvious change in the lung cancer gradient over the 29, months of the inquiry, and (b) that it would be surprising if a gradient produced in this way so closely resembledthe gradient we obtained in our retrospective inquiry.
Other factors than this may have contributed to the lower death rates from cancer of the lung recorded for the doctors. There may well be differences between them and our male London patients in methods of smoking (use of pipes as against cigarettes), and there may be differences in the age of starting to smoke. The London rates are, too, we know, higher than the rates for the country as a whole, and it was from the latter that the doctors were drawn.
The Diagnoses
It might perhaps be argued that physicians in reaching a diagnosis of cancer of the lung have been biased by the patient's smoking history. We have, however, already shown in Table III to 20 cigarettes a day) in September, 1951. In another instance, the doctor had described himself as smoking 3j oz. of pipe tobacco a week, but a friend, who signed the death certificate and had known him for 25 years, stated he had previously been one of the heaviest smokers of both cigarrettes and pipe he had ever known. Such factors not only could not produce an exaggeration of the true relationship but must lead to an understatement of it by inflating the mortality among light smokers and reducing the mortality among heavy smokers.
The investigation has not, as yet, continued long enough to show whether there is a relationship between smoking and the mortality from any other disease, but from the preliminary figures it would seem unlikely that there is any as close as that observed with lung cancer. The numbers of deaths, however, from some potentially interesting diseases are as yet small (for example, from cancer of the buccal cavity and larynx and from duodenal ulcer). There have, on the other hand, been a large number of deaths attributable to coronary thrombosis. It seems clear that smoking cannot be a major factor in their production, but the steady increase in mortality with the amount of tobacco smoking recorded suggests that there is a subgroup of these cases in which tobacco has a significant adjuvant effect.
Summar
At the end of 1951 some 40,000 men and women on the British Medical Register replied to a simple questionary relating to their smoking habits. On that basis they were divided into non-smokers and three groups of smokers (including ex-smokers) according to the amount they smoked at that time (or when they gave up).
The certified causes of death of those men and women who have since died have been supplied by the Registrars-General of the U.K. over the ensuing 29 months. This preliminary report is confined to the deaths among the 24,389 men over the age of 35.
Though the numbers of deaths at present available are small the resulting rates reveal a significant and steadily rising mortality from deaths due to cancer of the lung as the amount of tobacco smoked increases. There is also a rise in the mortality from deaths attributed to coronary thrombosis as the amount smoked increases, but the gradient is much less steep than that revealed by cancer of the lung. The other groups of deaths so far analysed reveal no gradient (other forms of cancer, other forms of cardiovascular disease, respiratory diseases, all other causes).
The figures for cancer of the lung are in conformity with those found previously in an extensive inquiry into the smoking histories of patients with cancer of the lung and with other diseases.
The death rates of doctors here reported are, almost certainly, artificially low. There is evidence that this is due to a reluctance, or inability, of persons suffering from a fatal illness to reply to the questionary. In spite of this defect and the present small numbers of deaths, we thought it necessary, in view of the nature of the results, to lay these preliminary observations before the survivors of the 40,000 men and women who made them possible.
We-are most grateful to the British Medical Association for having dispatched the questionaries and letters to the doctors on our behalf; to the individual doctors for having completed the questionaries; and to those practitioners and consultants to whom we wrote for details of the evidence on which the diagnosis of lung cancer was made. We are deeply indebted to the Registrars-General of the United Kingdom for information Periarthritis or capsulitis of the shoulder is a fairly well defined clinical entity characterized by pain in the shoulder region, often extending down the arm, with limitation of all movements at the shoulder-joint, producing in severe cases the "frozen shoulder." One or both shoulders may be affected. There are neither clinical nor radiological signs of arthritis and there is no constitutional disturbance.
The onset of the shoulder lesion is usually spontaneous, but it may sometimes follow trivial trauma, coronary thrombosis, or cerebral vascular lesions. The condition tends to be self-limiting, recovery taking place in six months to three years, but during this period pain may be severe and disability considerable. Simmonds (1949) found minimal inflammatory changes in the fibrous capsule of the shoulder-joint in cases of this type, and Coventry (1953) believes that the syndrome results from the interaction of pain, disuse, and what he calls the periarthritic personality, but little is really known about the pathogenesis of this condition. It is, however, generally agreed that active movement of the stiff shoulder may expedite recovery, but that it is difficult to persuade the patient to exercise the shoulder adequately, so that adjuvants such as various forms of physiotherapy or x-ray therapy are widely employed. If the shoulder movements are not rapidly regained the stiff shoulder is often manipulated under general anaesthesia.
Sigler and Ensign (1951) and Solomon et al. (1951) claimed that short courses of cortisone or A.C. 
